This study investigates the impact of Chinese banks' derivative activities on their exposure to exchange rate and interest rate changes. The standard Jorion (1990) model provides a weak evidence of Chinese banks' exposure to these risks. However, the exposure increases substantially when time varying exposure regressions with orthogonalised market returns are used. We also show that Chinese banks exhibit linear and nonlinear exposure to the exchange rate and interest rate fluctuations. Further analysis indicates that the use of derivatives reduces banks' foreign exchange risk, but does not affect their interest rate exposure. Thus, derivative products are more likely to be used as an integrated part of the Chinese banks' risk management systems, which could thus help to stabilise the banking system. JEL Classification: G21; G32
Introduction
Derivative securities have been commonly described as a double-edged sword. They can be extremely useful for risk management purposes, but they may also create additional risks, which may expose firms or even the whole economy to potential financial market disasters (see, for example, Berry 2003; Au Yong et al. 2009 ). The risk consequences of the misuse of derivatives is more pronounced in the banking industry, as large derivative related losses might cause the failure of large banks and threaten the stability of the whole banking system.
The effectiveness of derivative securities in risk management is likely to depend on the level of financial system development. Specifically, derivative products may reduce exposure in countries with sophisticated regulatory frameworks and risk management systems that deal adequately with all relevant aspects of risk. However, derivative trading may lead to excessive risk taking in countries with a weaker regulatory environment (Furman and Stiglitz 1998) . Existing studies on the impact of derivative activities on the risk exposure of banks focus mainly on well-developed banking markets, such as the US (see, for example, Choi and Elyasiani 1997; Chaudhry et al. 2000; Hentschel and Kothari 2001) , Europe and Japan (Reichert and Shyu 2003) . Empirical evidence of this type is scarce in less developed banking markets 1 .
Our study helps to fill this gap in the literature by investigating the impact of derivative activities on Chinese banks' exposure to exchange rate and interest rate risks. We believe that this issue is of clear interest to regulators and investors in China and around the globe, particularly following the recent changes in China's exchange rate regime. The
Chinese government decided to abandon its fixed exchange rate policy and move to a managed floating exchange regime, with respect to a currency basket, in July 2005. The official currency of China, the RMB, was initially allowed to float within a narrow band of In addition to being the first to address concerns regarding the risk effect of derivative usage by Chinese banks, this study makes a number of other important contributions to the literature. First, existing studies on the risk consequences of derivative activities assume that banks' exposures to foreign exchange and interest rate risks are constant over time. However, it is commonly documented that these exposures depend on firm-specific characteristics, such as size, liquidity, growth opportunities and hedging activities (see, for example, Smith and Stulz 1985; Allayannis and Weston 2001; Dunne et al. 2004) , which may vary considerably over time. The changes in regulatory regimes may also have a direct impact on banks' exposure. We use a GARCH-based multifactor model with time varying parameters to allow banks' exchange rate and interest rate exposures to vary over time 2 . Secondly, we argue that the capital market approach used by past empirical studies, such as Choi et al. (1992) , Wetmore and Brick (1994) and Choi and Elyasiani (1997) , only measures the bank's foreign exchange and interest rate risks over and above that of the market portfolio. To estimate the bank's total exposure to the foreign exchange rate and interest rate movements, we use orthogonalised, rather than actual, market returns to measure the time varying exposure of Chinese banks
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. Thirdly, existing studies on banks' exposure have examined almost exclusively the linear relationship between foreign exchange rate changes and bank returns 4 .
This study relaxes the linearity assumption and investigates exposure component that may be caused by the nonlinear relationships between exchange rate movements and firm's cash flows. Fourthly, we are the first to control for combined effects of the time-varying adjustments, nonlinear exposure and the market return orthogonalisation on the foreign exchange and interest rate exposure of individual banks. Finally, the time varying exposure coefficients allow us to use panel regressions to examine the determinants of banks' exposure to interest rate and foreign exchange fluctuations. In addition to their ability to overcome the small-sample size problem, panel regressions deal with the potential biases associated with ignoring the temporal dimension of the dependent and explanatory variables in the crosssectional regressions.
2 A similar approach was adopted by Patro et al. (2002) and Agyei-Ampomah et al. (2013) to study the foreign exchange exposure of non-financial firms and stock indexes, respectively. 3 Priestley and Odegaard (2007) also uses orthogonalised market returns to estimate the total exposure of nonfinancial firms to foreign exchange movements. However, the authors do not account for the time varying nature of the exposure nor do they allow the residuals for the model to vary over time. 4 A few recent studies, including Bartram (2004) , and Priestley and Odegaard (2007) , investigate the nonlinear foreign exchange rate exposure of nonfinancial firms.
The results suggest that Chinese banks' exposure to exchange rate and interest rate fluctuations are not constant over time. We find that the inclusion of the market portfolio returns in the standard exposure models masks a large part of banks' exposure to the exchange rate and interest rate fluctuations. Specifically, the standard Jorion (1990) model indicates that none of the sample banks is exposed to the US$/RMB or Euro/RMB exchange rate fluctuations. However, we find that by relaxing the linearity assumptions and including orthogonalised market returns in the GARCH-based multivariate model with time varying parameters all the sample banks have at least one significant yearly exposure to foreign exchange and interest rate changes. We also show that the use of derivatives reduces banks' exposure to foreign exchange risk, but does not affect their exposure to the interest rate risk.
Our evidence implies that derivative products are more likely to be used as an integrated part of the banks' risk management systems, which could thus help to stabilise the banking system.
The remainder of the paper is organised as follows. Section 2 provides a brief review of the literature. Section 3 describes the Chinese banking sector, exchange rate regime and derivatives activities by financial institutions and regulations. Section 4 presents our methodology. Section 5 describes our dataset. Section 6 reports the empirical findings and Section 7 concludes.
Brief review of the literature
The liberalisation of financial markets has helped banks to expand their customer base to take advantage of profit opportunities in foreign markets. Yet, the continued globalisation of capital flows has increased banks' exposure to financial risks. Several analytical studies suggest that banks should exhibit exposure to both exchange rate and interest rate movements.
Banks should exhibit a significant exposure to the exchange rate risk as the value of their future cash flows is affected directly or indirectly by the exchange rate movements (see, for example, Chamberlain et al. 1997; Martin and Mauer 2003) . The direct exposure involves the impact of foreign exchange movements on the banks' foreign currency-dominated assets or liabilities structure, off-balance-sheet exposure and non-asset-based foreign activities. The indirect exposure arises from the impact of foreign exchange movements on the banks' competitiveness. Even a pure domestic bank may be exposed to currency fluctuations through the exposures of its customers, suppliers, and investors (see, for example , Hodder 1982; Choi 1986; Madura 2000) . Interest rate risk refers to the effect of interest rate changes on the rateearning assets and rate-paying liabilities (see, for example, Saha et al. 1999) . It is, therefore, an inherent part of the asset transformation function and should have a significant influence on banks' stock returns.
Prior evidence on the exchange rate sensitivity of banks' stock returns is largely mixed. Choi et al. (1992) and Chamberlain et al. (1997) fail to find a strong association between banks' stock returns and foreign exchange fluctuations, while Choi and Elyasiani (1997) and Martin (2000) find that the majority of their sample banks are exposed to foreign exchange risk. Studies on the interest rate exposure of banks are also inconclusive. Several studies, including Chance and Lane (1980) , Lloyd and Shick (1977) , English (2002) , Maes (2004) , show that the movement of banks' stock returns are weakly influenced by interest rate changes. Others, however, observe a strong negative association between bank equity returns and changes in interest rate (see, for instance, Lynge and Zumwalt 1980; Flannery and James 1984; Schott and Peterson 1986; Bae 1990; Staikouras 2003) .
A number of explanations have been advanced to account for the mixed evidence on the relationship between banks' stock returns and their foreign exchange and interest rate exposures. Bartram (2004) argues that one reason for the weak relationship in previous studies may be related to the use of foreign exchange rate indices as exposure estimates. He claims that currencies indices may result in a biased exposure, as the weighting of the different currencies in these indices is not representative of individual firms. He also argues that the diversification effects associated with aggregating currencies into indices may lead to lower exposure estimates relative to those produced using individual currencies. Fraser and Pantzaliz (2004) provide evidence that the exposure of US multinationals to foreign exchange risk is sensitive to the foreign exchange index used in the exposure regression. Specifically, they show that 5.5%, 8.7% and 12.6% of their 310 sample firms exhibit significant exposure to the Major Currency (MAJCUR) index, firm-specific exchange rate index and the Federal Reserve Board's currency risk index, respectively. Priestley and Odegaard (2007) argue that since the market portfolio is also exposed to the foreign exchange fluctuations, the inclusion of market returns in the exposure regression may cause spurious relationship between industry returns and currency movements. They show that the US industry exposure to the Japanese Yen (JP¥) increases from 10.34% to 27.58% when orthogonalised rather than actual market returns are used in the exposure regressions. Agyei-Ampomah et al. (2013) show that the overall number of UK non-financial firms exposed to at least one of the three major currencies (US$, Euro or JP¥) increases from 30.50% to 52.8% following the orthogonalisation of market returns.
Despite the widely held view that the firms' exposure to foreign exchange fluctuations may be nonlinear (see, for example, Ware and Winter 1988; Sercu and Uppal 1995) , most of the existing empirical literature assumes a linear relationship between cash flows and foreign exchange rates (Bartram 2004) . The linear exposure rises from firms' standard foreign currency payables and receivables, whereas nonlinearities are related to the firms' reactions and adjustments to exchange rate changes. Specifically, profits are likely to be a nonlinear function of exchange rate when production, imports and exports decisions are flexible (Ware and Winter 1988) . For example, while the appreciation of a home currency increases the cost of exports, the nonlinearities arising from sourcing inputs from abroad may slow down the effect of a unit appreciation on the cash flows (Priestley and Odegaard 2007) . It has been suggested that while existing risk management strategies may reduce some of the linear exposure, the nonlinearity issues are rarely considered by corporations when designing their hedging strategies (Bodnar and Gebhardt 1999; Bodnar et al. 1998; Bartram 2004) . This It has also been widely suggested that banks' exposure to foreign exchange and interest rate fluctuations may depend on whether they use derivatives for hedging or speculation purposes (Au Yong et al. 2009) . Hirtle (1997) shows that the use of derivatives plays a significant role in reducing banks' exposure to the interest rate risk. Choi and Elyasiani (1997) , however, find that the use of derivatives increases banks' exposure to foreign exchange fluctuations beyond the level reflected in their traditional financial statement exposures. Chaudhry et al. (2000) find that options increase US banks' exposure, but swaps reduce it. Similar results are reported by Reichert and Shyu (2003) in the case of Japanese banks. Finally, several studies, including, Dumas and Solnik (1995) , De Santis and Gerard (1998) and Patro et al. (2002) , show that the exchange rate exposure of equity indices is not constant over time and that exposure is likely to be price only when time-variation is allowed.
In addition to being the first to investigate the impact of derivative uses on the Chinese banks' exposure to foreign exchange and interest rate risks, this study introduces a number of important methodological innovations. It accounts for the individual and combined effects of the time-varying adjustments, nonlinear exposure and the market return orthogonalisation on the foreign exchange and interest rate exposure of individual banks. It also uses panel regressions to overcome the small-sample problem and capture the temporal dimension of the dependent and explanatory variables when investigating the determinants of banks' risk exposures.
Chinese banks and their derivative activities
This section provides a brief overview of the Chinese banking sector, foreign exchange policy and derivatives markets. and (iv) the State Administration of Foreign Exchange (SAFE), which is responsible for the supervision and monitoring of foreign exchange transactions and the management of China's foreign exchange reserve.
Chinese foreign exchange policy
China is one of the fastest growing economies in the world. It has had an average annual GDP growth rate of 10% in the past thirty years. Since the beginning of market-oriented economic reform in 1978, the PBOC has adopted either a pegged or managed exchange rate regime, with the exchange rate to the US$ being artificially fixed at just under 2.5RMB.
During the period 1979 to 1994, a dual RMB exchange rate regime was adopted and the official rate was claimed to be pegged to a basket of currencies, but in fact it depreciated dramatically. The official rate for the US$ was adjusted to 1.56 RMB, 2.94 RMB, 5.76 RMB and 8.62 RMB in 1979 , 1993 and 1994 In 1994 exchange rate regime is still heavily managed at present, it tends to be much more volatile than before.
Derivative activities by financial institutions and regulations in China
China's derivatives market is still relatively small by global standards, but it has developed rapidly over the past few years. In 2009, the total size of the derivatives market in China was US$ 1.42 trillion, which formed only 0.33% of the global derivatives market. The trading volume of interest rate and exchange rate derivatives has increased from US$1.017 trillion in 2009 to US$1.465 trillion in 2010 (Yan 2010 ).
The RMB exchange rate has attracted increasing attention due to the growing importance of China in the global economy. Although the Chinese government has long maintained its control over banks' lending and deposit rates, the booming property market and the increased demand for both fixed and floating mortgages in China has lead led the PBOC to remove the floor restrictions on the lending rate. This, in turn, has increased banks' exposure to interest rate risk and their use of interest rate derivatives. Chinese courts voided all GITIC's derivatives contracts, arguing that these products were not approved by the appropriate regulatory authorities.
A much more focused regulatory body, the CBRC, in was established in 2003. To deal with the complicated problems associated with derivative products, in March 2004, the CBRC introduced the first formal regulations governing derivative activities by financial institutions, which provide clear definition of derivative products, state the criteria for qualifying financial institutions and specify the internal risk management requirements that institutions must satisfy. Such criteria include a complete and sound policy and procedures for risk management and internal controls of derivatives activities; a sound processing transaction system that links front, middle and back offices; necessary premises and facilities for derivatives activities; an experienced personnel with good record in charge of the derivatives activities; relevant staff dealing with trading, research and development in risk assessment and so on.
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According to the provisions, financial institutions refer to "banks, trust and investment companies, finance companies, financial leasing companies, auto financing companies, and branches opened by foreign banks in China". They can qualify as a broker/market maker, or an end user who uses derivatives for hedging purposes, or both.
These rules and further changes made by the CBRC have widened the scope of the permissible derivative trading and allowed the Chinese financial institutions to trade derivatives for risk management, customer service, market-making and self-trading purposes.
However, despite the wide use of derivatives, the Chinese regulatory authorities require banks to establish their own independent and comprehensive framework to ensure that the use of derivative activities does not lead to excessive risk taking.
Methodology
This section outlines the procedures employed to estimate the foreign exchange and interest rate exposures of individual banks and the approach used to investigate the impact of derivatives use on bank's exposure.
Standard exposure estimates
Banks' exposure to foreign exchange and interest rate fluctuations is commonly estimated using an asset-pricing model of the following form (see, for example, Choi et al. 1992; Choi and Elyasiani 1997; Wong et al. 2009) 
The effect of orthogonalisation
Since t m R , is the aggregation of the individual stocks traded in a given market, the market portfolio is also exposed to foreign exchange and interest rate fluctuations (Priestley and Odegaard 2007) . Thus, the coefficients FX i  , and I i  in Equation (1) do not measure the bank i's total exposure to the foreign exchange and interest rate movements, but they rather capture the exposure over and above that of the market portfolio. To address this issue, we first estimate orthogonalised market returns using the regression
where t m,  is the orthogonalised market returns, which capture the part of market return that is not correlated with the foreign exchange and interest rate fluctuations. The OLS estimator of estimates
 is then used in Equation (1) which is modified as follows
Here, the parameters  are interpreted as the coefficients of total exposure of bank i to foreign exchange and interest rate risks, respectively.
Non-linear exposures
The nature of the nonlinearity may depend on firm-specific characteristics, such as its imports and exports, its competitive environment and pricing as well as risk management strategies.
Thus, various nonlinear functions can be used to model the nonlinear exposure (Bartram 2004 ). However, Priestley and Odegaard (2007) 
Time-varying exposures
So far, the approach specified above assumes that the foreign exchange and interest rate exposures of Chinese banks is are constant over time. However, several studies show risk exposure is time-varying (see, for example, Patro et al. 2002; Agyei-Ampomah et al. 2013) .
The following models are used to estimate the time-varying exposure parameters
where n D is a dummy variable with a value of 1 if t  year n, where n = 1, 2,..., 8, and zero otherwise 7 . The parameters of Equations (5) through (7) are thus allowed to vary yearly. To account for the heteroskedastic nature of stock returns, the variances of the residual terms of these equations are assumed to follow a GARCH (1, 1) process (see, for example, Mandelbrot 1963; Fama 1965; Bollerslev et al. 1992) . The time varying nature of stock volatility is mainly attributed to changes in firm's leverage, investment opportunities and other characteristics (Black 1976; Christie 1982) 
Banks derivatives and its exposure
The following panel regressions are used to examine the impact of derivatives use on banks' exposure to exchange rate and interest rate fluctuations, respectively
where are the exchange rate and interest rate exposures of bank i in year n.
Similar to Hutson and Stevenson (2010) , the exposure variables are measured as the square root of the absolute value of the estimated values of the parameters ,
 and of Equation (7). We use a similar set of explanatory variables as Au Yong et al. (2009). and are the ratios of exchange rate derivatives/total assets and interest rate derivatives/total assets, respectively. Non-interest income/total assets ( ), loans/total assets ( ) and net interest income/total assets ( ) are used to proxy for on-balance sheet interest rate risk and loan reserves/total assets ( ) as a proxy for credit risk. We also use additional control variables that may explain the variation in banks' exposure to interest and exchange rate fluctuations. These variables include the cash and cash equivalents scaled by bank size as a liquidity proxy ( ), the ratio of book value of equity/total assets as a proxy for banks capital ( ) and the natural logarithm of total assets as a measure of bank size ( ).
A significantly negative coefficient on ( ) in Equation (8) (Equation (9)) would suggest that the use of derivatives reduces banks' exposure to the foreign exchange rate (interest rate) movements, and vice versa. high levels of liquidity and capital are more likely to be exposed exchange rate and interest rate risks. Given the ambiguous sign of bank size in the previous studies, we do not make any prediction on the relationship between SIZE and banks' exposure to exchange rate and interest rate risks.
Data and descriptive statistics
We study the foreign exchange and interest rate exposures for sixteen listed Chinese banks over the period of January 2005 to December 2012. Panel A of Table 1 presents the distribution of our sample over time (see also Appendix B for further details). The starting date of our study period coincides with the regulatory change in the RMB exchange rate regime. We argue that extending the sample period to earlier years is not desirable, as the RMB was almost fixed against the US$ and few banks were listed on the stock exchange.
Our sample includes all exchange-listed Chinese banks, which consist of the large five commercial banks, eight joint-stock commercial banks and three city commercial banks. Exchange and HIS is added to the exposure regressions for dual-listed banks (see Appendix A). The year-end values of a bank's total assets, the book value of equity, asset liquidity, net interest income, net non-interest income, loans, loan loss reserves, foreign exchange derivatives and interest rate derivatives are manually collected from banks' annual reports sourced from Thomson.
8 Our choice of the daily frequencies is justified by finding that daily returns tend to produce less biased and more efficient parameter estimates of the mean abnormal returns caused by an information event than the monthly (and weekly) return series. Similar findings are reported by Warner (1980, 1985) and Dyckman et al. (19821984) . We repeat our analysis using weekly return series and our conclusions remain largely unchanged. The details of these results are available upon request. (8) and (9). The absolute values of the correlation coefficients range from a high of 0.97 between NIM and LOANS and a low of 0.001 between FXD and NONINT.
[Insert Table 1 about here]
Empirical results
The empirical results are presented in three subsections. The first subsection presents the interest rate and foreign exchange exposure estimates from the standard multifactor assetpricing model with constant coefficients. The second one reports the results from the conditional market model with time varying residuals. Finally, we discuss the panel regression results on the determinants of Chinese banks' exposure to interest rate and exchange rate fluctuations. Table 2 presents the exposure estimates from Equations (1) through (4). Panel A of Table 2 shows that the exchange rate and interest rate coefficients in the standard Jorion (1990) model (Equation (1)) are not significantly different from zero, suggesting that none of the sample banks is exposed to the fluctuations in exchange rate or interest rate over the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . This finding is consistent with the large body of the literature, which reports only weak evidence of systematic foreign exchange exposure (see, for example, Griffin and Stulz 2001; Doidge et al. 2003) . However, we argue that the results in Panel A may be biased, as Equation (1) ignores the fact that the market index may also be exposed to foreign exchange and interest rate movements. More specifically, if the market portfolio is exposed to interest rate and/or exchange rate changes, the standard Jorion (1990) model would captures only the banks' exposure over and above that of the market portfolio. Following Priestley and
6.1.Unconditional exposure
Odegaard (2007), we use orthogonalised, rather than actual, market returns as the explanatory variable in the exposure equation to capture banks' total exposure to exchange rate and interest rate fluctuations.
Panel B of Table 2 shows that the market index is significantly associated with the movements in the US$ and the Euro, but not significantly related to changes in the interest rate. Specifically, it shows that the market portfolio is negatively correlated with the US$/RMB exchange rate changes, but positively associated with the Euro/RMB exchange rate movements. These results suggest that Chinese firms tend to have more (less) US$- In a survey of Chinese textile firms, Bernard (2008, p.7) shows that "while most sales are denominated in dollars, average sales to the EU in the surveyed firms are greater than those to the US, 30.6 and 24.4 percent of export sales respectively." coefficient on Euro/RMB exchange rate changes also indicates that Chinese banks may have more euro denominated costs than revenues. Consistent with this view, Bernard (2008) argues that the large positive dollar revenues earned by most Chinese firms are, in many cases, a result of dollar pricing than a disproportionately large role of the US as a destination market. Table 2 reports the estimation results of Equation (4) The results in Panels C and D of Table 2 indicate that the use of orthogonalised market returns and relaxing the nonlinearity assumption does not alter banks' interest rate exposure.
Panel D of
Specially, the coefficients on in Equations (3) and (4) indicate that none of the sample bank is exposed to interest rate changes. The lack of interest exposure could be attributed to the exposure measurement bias, which will be addressed in the next section.
[Insert Table 2 about here]
Conditional exposure
So far, our analysis is based on the assumption that the exchange rate and interest rate exposures of the market portfolio and individual banks are constant over time. In this study, we use Equations (5) through (7) to allow the exchange rate and interest rate exposure parameters to vary over time. Table 3 reports the results of the yearly exchange rate and interest rate coefficients in Equation (5). 10 The results indicate that the exposure parameters are not constant over time, with the highest yearly exposure variation is observed in the case of the US$ coefficients. Specifically, Chinese banks' exposure to the US$/RMB varies yearly Table 3 also shows that three sample banks exhibit at least one significant yearly exposure to the movement of the US$/RMB fluctuations, while six are exposed to the movement in the Euro/RMB. Table 3 indicates nonlinearity is more pronounced when the exposure is allowed to vary over time.
Specifically, we detect a significant nonlinear exposures to Euro (US$) movements in 8 (4) of our sample banks. We also show that 10 (6) of the banks are exposed, either linearly or nonlinearly, to the Euro/RMB (US$/RMB) exchange rate changes. Table 3 also reports the conditional exposure of Chinese banks to the interest rate changes. It shows that when the movements in the US$/RMB is used to estimate foreign exchange risk, two of the sample banks have at least one significant yearly interest rate exposure. We also show that four of the sample banks exhibit at least one significant yearly exposure (either linear or nonlinear) to the interest changes.
[Insert Table 3 and 4 about here] Table 4 shows the results of the conditional exposure of the market index to the changes in the US$/RMB and the Euro/RMB over the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] (Equation (6) Table 5 reports the orthogonalised conditional exposure coefficients of Equation (7).
The number of banks with significant exposure to exchange rate and interest rate fluctuations increases considerably following the orthogonalisation process. The increase is particular more pronounced over the last 3 years of the sample period. Specifically, the results show that 13, 15 and 9 banks exhibit significant exposure to the US$ in the years 2010, 2011 and 2012, respectively. We also show that all banks are exposed to the Euro movements in the years 2010 and 2011 and that 13 of the 16 sample banks experience significant exposures to Euro/RMB fluctuations in the year 2012. Consistent with the results in Panel C of Table 2, the majority of the sample banks have negative (positive) exposure to the US$ (Euro) movements. The number of banks with nonlinear foreign exchange and interest exposures in Table 5 is almost identical to that reported in Table 3 .
Overall, the results in Table 5 show each bank experiences at least one yearly linear or nonlinear exposure to the exchange rate and interest rate movements. Thus, our approach generates a much stronger association between banks' stock returns and exchange rate changes than previous studies in the literature (see, for example, Choi and Elyasiani 1997; Au Yong et al. 2009; Wong et al. 2009 ). Furthermore, we show that Chinese banks are exposed linearly and nonlinearly to the interest rate movement and these exposures are more pronounced following the orthogonalisation of market returns. Finally, the Chinese banks'
exposure to interest rate changes remains largely time varying, with the weakest exposure reported in year 2007 and the strongest reported in year 2012. The lack of interest rate risk exposure in the earlier sample period coincides with the period of a heavy involvement of the Chinese central bank in controlling lending and borrowing interest rates. We attribute the recently increase in the interest rate exposure of Chinese banks to the increased demand for mortgages in China, which has led the PBOC to remove the floor restrictions on lending rate.
[Insert Table 5 about here]
Derivatives and banks' exposures
This section investigates the determinants of Chinese banks' exposure to exchange rate and interest rate movements. We are particularly interested in examining the impact of derivatives trading on the risk profile of Chinese banks. Previous studies, including Choi and Elyasiani (1997) , Chaudhry et al. (2000) and Reichert and Shyu (2003) , apply the crosssectional regressions to estimate the association between banks' foreign exchange exposure and derivative instruments. Nguyen et al. (2007) and Au Yong et al. (2009) , among others, also use cross-sectional regressions to investigate the determinants of interest rate exposure.
In this study, we argue that the cross-sectional analysis is likely to generate biased estimates, as it ignores the temporal dimension of both dependent and explanatory variables.
By using the linear and nonlinear foreign exchange and interest rate coefficients as dependent variables in the time varying exposure regressions, we are able to use panel data regressions to account for the time-varying nature of banks' characteristics. We use the results of the correlation matrix in Panel D of Table 1 to avoid multicollinearity problems that may result from including highly correlated variables in the same regression. We also use panel regressions with random effects, as the Hausman test tends not to reject the null hypothesis that the preferred model is the random effects 11 .  is used as the dependent variable. This finding implies that the use of foreign exchange derivatives reduce the Chinese banks' exposure to both linear and nonlinear foreign exchange risks. This finding is consistent with Choi and Elyasiani (1997) who show that derivative trading reduces the foreign exchange risk of the US banks, but differs from Au Yong et al. (2009) , who find that the use derivative does not influence the foreign exchange exposure of Asia-pacific banks.
The coefficient on CAP is in some cases positive and statistically significant, implying that banks may take more foreign exchange risk when they have sufficient capital to absorb foreign exchange shocks.
[Insert Table 6 about here] Tables 7 and 8 reports the regression results on the determinants of banks' interest rate exposure obtained from estimating Equation (9) with respect to the exchange rate exposures of US$ and Euro measured in Equation (7), respectively. The coefficients on IRD are not significant, regardless of whether
 or are used as the dependent variable, implying that the use of interest rate derivatives does not lead to excessive risk taking by Chinese banks. The significant negative coefficient on SIZE indicates that large banks are less exposed to the interest rate movements. The sign and the statistical significance of the remaining variables seem to depend largely on the model specification.
[Insert Table 7 and 8 about here]
Conclusion
This study investigates the role of derivative activities in determining Chinese banks' exposure to exchange rate and interest rate risks. Our results suggest that banks' exposure is model dependent. The standard Jorion (1990) model indicates that Chinese banks are not exposed to exchange rate or interest rate fluctuations. We argue that the results estimated from this model may be biased due to its explicit assumption that banks' exposure is constant over time. Since banks' circumstances, including the extent of international operations and risk management activities, change over time, their exposures to exchange rate and interest rate movements are also expected to vary over time. Another important source of bias stems from the fact that the market portfolio may also be exposed to the exchange rate and interest rate changes. Thus, the exposure parameters of the standard Jorion (1990) model may not capture the banks' total exchange rate and interest rate risks. Instead, they only measure the banks' exposures over and above those of the market portfolio. Furthermore, most empirical studies investigate the linear relationship between stock returns and foreign exchange movements. However, many studies suggest that the exposure of firms to foreign exchange fluctuations may be nonlinear (see, for example, Ware and Winter 1988; Sercu and Uppal 1995; Bartram 2004; Priestley and Odegaard 2007) . To address the above biases, we model the linear and nonlinear exposure of Chinese banks using a GARCH-based-multifactor-model with time varying parameters and orthogonalised market returns. Our results suggest that all the sample banks experience at least one significant (at the 5% level) yearly exposure to foreign exchange changes and interest rate movements.
We then use the estimated linear and nonlinear time-varying exposure parameters to investigate the impact of derivative trading on exposure profiles of Chinese banks. We show that banks' derivative activities reduce their linear and nonlinear exposure to exchange rate changes, but not affect their interest risk profile. Overall, our results suggest the regulatory bodies can stabilise the banking system by encouraging banks to use more derivative products for risk management purposes. MKT is the return on the market index; US$/RMB&Euro is the change in US dollar to RMB exchange rate; Euro/RMB is the change in Euro to RMB exchange rate; IR is the yield on 5-year government bond, converted into holding period returns; is the natural logarithm of total assets; is the ratio of book value of equity/total assets; is the cash and cash equivalents scaled by total assets; is the loans to customers/total assets; is the net interest income/total assets; is the non-interest income/total assets; is the loan reserves/total assets; and are the ratios of exchange rate derivatives/total assets and interest rate derivatives/total assets, respectively. * The statistics are reported for the five banks listed prior to 2005. Note: US$ is the change in US dollar to RMB exchange rate; Euro is the change in Euro to RMB exchange rate; IR is the yield on 5-year government bond, converted into holding period returns. : US$ is the change in US dollar to RMB exchange rate; Euro is the change in Euro to RMB exchange rate; IR is the yield on 5-year government bond, converted into holding period returns; Sig. One-year Exposure refers to the number of banks with at least one significant yearly currency (interest rate) exposure. US$ is the change in US dollar to RMB exchange rate; Euro is the change in Euro to RMB exchange rate; IR is the yield on 5-year government bond, converted into holding period returns; Sig. One-year Exposure refers to the number of banks with at least one significant yearly currency (interest rate) exposure. (-4 .43) (-7 .69) (-3 .06) (-4 (8)). The square root of the absolute value of the currency coefficient in Equation (7) is used as the dependent variable. The independent variables include:
is the natural logarithm of total assets; is the ratio of book value of equity/total assets; is the cash and cash equivalents scaled by total assets; the ratios of exchange rate derivatives/total assets. **indicates the 5% significance level. ***indicates the 1% significance level. Notes: This table presents the regression results on the determinants of the interest rate exposure (Equation (9)). The square root of the absolute value of interest rate coefficient in Equation (7) is used as the dependent variable. The independent variables include: is the natural logarithm of total assets; is the ratio of book value of equity/total assets; is the cash and cash equivalents scaled by total assets; is the loans to customers/total assets; is the net interest income/total assets; is the non-interest income/total assets; is the loan reserves/total assets; is the ratio of interest rate derivatives/total assets. Standard errors are adjusted for heteroskedasticity. Notes: This table presents the regression results on the determinants of the interest rate exposure (Equation (9)). The square root of the absolute value of interest rate coefficient in Equation (7) is used as the dependent variable. The independent variables include: is the natural logarithm of total assets; is the ratio of book value of equity/total assets; is the cash and cash equivalents scaled by total assets; is the loans to customers/total assets; is the net interest income/total assets; is the non-interest income/total assets; is the loan reserves/total assets; is the ratio of interest rate derivatives/total assets. Standard errors are adjusted for heteroskedasticity.
